In 1996, a study was undertaken to identify the mammals in Mumbulla State Forest near Bega on the south coast of New South Wales through the collection of dog and fox scats in the area. A total of 1121 scats was collected. The objective was to assess the changes in mammal fauna since 1981 when the first detailed analysis of predator scats was made after the forest was first logged for woodchips and sawlogs under the Eden woodchip agreement. The most notable change between the two surveys was a decrease in the canid diet of large mammals such as swamp wallaby and red-necked wallaby and the rabbit, and an increase of smaller mammals such as bush rat, long-nosed potoroo, common ringtail possum and dusky antechinus. The regrowth of the forest following logging, particularly of the understorey, increased available habitat for some species, such as the long-nosed potoroo. The shift to the smaller species was most pronounced in the diet of foxes. The decrease of rabbit in the canid diet was consistent with its relative abundance on adjacent farmland. The extensive 1996 scat collection also provided an opportunity to examine predator movements. Non-poisoned baits containing coloured markers were placed along the forest roads to determine how far dogs and foxes range between feeding and defecation. Of the marked scats collected in the forest, 67 % were found within 2 km and 94 % were found within 5 km of the bait station. These data will assist future researchers to find the locations of target species by narrowing the potential area to be searched. The primary finding of this study, namely that the mammal composition of the forest changed markedly between the two surveys, highlights the need to sample a forest through time to reveal the forest's full ecological picture. It can be predicted that the mammal fauna composition will change again following the next logging cycle.
AN analysis of scats (faeces) of dogs Canis lupus familiaris and foxes Vulpes vulpes (Canidae: Carnivora) in and near Mumbulla State Forest was conducted in [1981] [1982] to determine the diets of both species (Lunney et al. 1990 ). This monitoring technique was selected because it has proven to be the most efficient survey technique for all mammal groups except bats, and has been particularly valuable for rare species (Brunner and Wallis 1986; Barker 1986, 1987) . The technique employs an analysis of the species-specific characteristics of the hair that remains in the scats of these opportunistic predators. It thus provides a cost-effective tool for planning detailed species-specific ecological studies and for establishing long-term monitoring opportunities to assess changes in the mammal fauna of a particular area (Wallis and Brunner 1987) .
The Eden Management Area Fauna Impact Statement prepared by Tanton (1994) identified the importance of monitoring of fauna in logging sites in the south-east forests. In particular, he identified the sites and work done by Lunney et al. ( , 1990 in Mumbulla State Forest as an opportunity for longterm monitoring because they had already been the subject of research into the short-term effects of logging.
The primary aim of the present study was to assess the long-term changes in relative abundance of native and introduced mammals in and near Mumbulla State Forest since the first logging cycle, 102 for woodchips and sawlogs, in 1981-82 by repeating the detailed analysis of predator scats. An analysis was undertaken of the changes in both the relative numbers of all species and the distribution of selected species. This work was timed to precede the next logging cycle, which is due soon, and thus provide an assessment of the changes occurring from one logging cycle to the beginning of the next.
A second aim of this work was to utilise this extensive scat collection to determine predator movements through the forest. The question of how far predators move between feeding and defecating is particularly relevant if we wish to use predator scat analysis as a survey tool for rare species, i.e. if a rare species is identified in a scat, how far away is it likely to have originated? Lunney et al. (1990) suggested that dogs travelled across the study area between feeding and defecating because seabird feathers identified in scats in the forest would have been consumed as carrion on the nearby beaches. Further, the appearance of cow Bos taurus in scats was considered to have come from a known location of carcasses. This prompted the idea that marked baits in known locations could be used to determine predator movements.
A wide variety of chemical and particle markers in baits has been used for studying vertebrate pests, as reviewed by Savarie et al. (1992) . However, most of these markers were identifiable only from dead animals. Delahay et al. (2000) fed badgers with baits laced with indigestible plastic beads to mark their droppings and thus identify latrine sites. This technique of inserting coloured beads into baits was employed by the manufacturers of 'FOXOFF ® ' (a poison bait for dogs and foxes). Using these baits, Murray (1998) showed that canids move up to 5.6 km between established bait stations within a forested environment. However, the majority moved to bait stations between 0.4 to 2.2 km apart. In this study we examined the movement of indigestible markers (beads and glitter) placed in non-poisoned 'FOXOFF ® ' baits laid at set bait stations to scats found along tracks and roads within the forest.
STUDY AREA
Mumbulla State Forest (36º34´S, 149º56´E) is situated 14 km northeast of Bega on the south coast of New South Wales (Fig. 1) . Dry shrub forest dominated by Eucalyptus sieberi predominates, with patches of wet shrub forest dominated by E. cypellocarpa, in the gullies and on moist sheltered slopes (Keith and Bedward 1999) . The forest is bordered by rural land on the eastern and western sides where dairy farming is the principal activity. The southern and northern boundaries are State Forest or National Park. Lunney and Moon (1988) describe the history of logging and fire in the forest. The most relevant part of that history was the ext ensive logging operation for woodchips and sawlogs from 1978-1983, and a major wildfire in November 1980.
The forest had changed since the time of the first scat collection in [1981] [1982] . The tracks through the compartments, which were clear and open when logging operations were underway in 1981-1982, had become overgrown by the time of the second scat collection in 1996. By contrast, the main forest roads were still regularly used by vehicle traffic and remained eminently suitable for scat collection. However, some roads or stretches of roads in the north-western part of the forest had been recently graded and had few scats. The collection area in 1996 was concentrated on the primary forest roads, and was within the 1981-82 scat collection area. In 1981-1982 a small percentage of scats was collected beyond the forest boundary. The minor difference in collection sites was not considered to have affected the comparison over time. The 1981 The -1982 scats used for comparison in the 1996 study were those identified in Lunney and Barker (1986) . Between the initial scat collection in 1981-1982 and the repeat collection in 1996 there were no further logging operations, except within a few compartments, and no fires. Thus the forest at the time of the second scat collection was primarily characterised by substantial regrowth from logging and fire. Subsequent to the second scat collection there was a shift in the State Forest/National Park boundary following the Regional Forest Agreement (RFA) in 1999, when most of the State Forest north of Lizard Road was transferred to the recently created Biamanga National Park. The new tenure is delineated in the maps depicting our findings.
A proposed 1080 poison program by State Forests in Mumbulla State Forest was held over until the scat collection was finished. The Bega Rural Lands Protection Board (Glen Dixon, pers. comm. 1 July 1998) recalled that there was baiting for dogs and foxes on the west side of Mumbulla in the spring of 1996, but not in the spring of 1995. Neither was there any baiting near Mumbulla State Forest in the period 1995-1996, although baiting occurred in Quaama (a town north-west of Mumbulla State Forest).
The scientific names of the mammals in this paper are those used in Strahan (1995) .
METHODS

Collection and analysis of scats
Dog and fox scats were collected along a total of 105 km of tracks and roads throughout Mumbulla State Forest during July, August and September 1996. The location of each scat was recorded to within 100 m and later assigned a grid reference from a 1:25 k topographic map. The classification as 'dog' or 'fox' and the analysis of the scats followed the methods in Lunney et al. (1990) so that a direct comparison over Lunney et al. (1990) and Barker et al. (1994) , the number of scats collected was considered sufficient to allow the conclusion that all mammals present in the forest that could be expected from predator scat analysis had been sampled. Scats were analysed by Barbara Triggs, who carried out the initial analyses in 1981-1982.
Dog and fox movements
Nine well-spaced bait stations were established through Mumbulla State Forest. A bait station consisted of six mounds at 100 m intervals along the edge of a forest road. Prior to the period of scat collection, a non-poisoned "FOXOFF ® " manufactured bait containing indicator coloured beads or glitter was buried in each mound at each station to make a total of 54 sources of bait. 'FOXOFF ® ' instructions were followed in setting u p the bait stations. Nine combinations of colour and marker types were used at the bait stations, with each mound at the same bait station containing the same coloured marker. Baits were monitored and replaced when taken and, when not taken, were regularly replaced to keep them fresh. Scats containing coloured beads or glitter were collected later in the forest.
The locations of marked scats were entered into the geographical information system (GIS) Arcview to determine the movements of dogs and foxes between bait stations and defecation sites. The site location of the bait stations was taken from the centre point of the station.
Predator and prey distributions
The 1996 locations of dog and fox scats were mapped and compared. Further, the 1996 distribution of selected prey species identified in predator scats were mapped and compared with those of 1981-1982.
RESULTS
Analysis of scats
A total of 17 native mammal and 4 introduced mammal species (Table 1) was found in 1121 canid scats (396 dog, 444 fox and 281 unidentified canid) collected in 1996. Half of the mammal species were identified after 103 scats had been analysed, while the full list was established in just under 600 scats. The number of the scat in which the species was first detected is given in Table 1 . Mammal hair was found in 93 % of scats. Of those scats, 7.2 % contained two mammal species. Only one species not recorded in 1981-1982, the introduced black rat Rattus rattus, was identified in the 1996 canid diet. By contrast, 6 native and 6 non-native species found in the 1981-1982 canid diet were not found in 1996 (Table 1 ).
The frequency of occurrence of dietary components in 1996 was significantly different to that of 1981-1982 (χ 2 = 1418.8, df = 36, p < 0.005). For native species, the most notable change was a decrease in the occurrence of larger mammals such as the swamp wallaby Wallabia bicolor and red-necked wallaby Macropus rufogriseus ( Table 1 ). The decrease in M. rufogriseus was common for both dogs and foxes while the decrease in W. bicolor was for foxes only (Table 2 ). In 1996 there was an increased frequency of smaller mammals in the diet of both canids, including bush rat Rattus fuscipes, long-nosed potoroo Potorous tridactylus, common ringtail possum Pseudocheirus peregrinus and dusky antechinus Antechinus swainsonii (Tables 1, 2 ). Of the non-native species, the house mouse Mus musculus was lost from the diet of both canids and there was a decrease in the occurrence of rabbit Oryctolagus cuniculus and B. taurus from the diet of both dogs and foxes (Tables 1, 2 ).
The frequency of occurrence of dietary components in fox scats in 1996 was significantly different to that of 1981-1982 (χ 2 = 698.7, df = 28, p < 0.005). In 1996, 92.2 % of mammal species in fox scats were within the critical weight range (35 -5,500 g; Burbidge and McKenzie 1989) . This is a marked shift from 1981-1982 where only 40.1 % of the mammal components were critical weight range species (Table 2 df = 1, p < 0.005) and P. tridactylus (χ 2 = 3.9, df = 1, p < 0.05) ( Table 2 ).
Dog and fox movements
A total of 695 baits was taken over the period of 6 weeks. Uptake of baits did not occur until day 3, when 4 % of baits were taken. There was a gradual rise in the percentage of baits taken, reaching a plateau of approximately 50 % take after 2 weeks. A total of 53 scats containing marker beads and/or glitter was recovered during the collection. In some instances there was more than one coloured bead or glitter per scat. This gave a total of 72 coloured beads or glitter on which to base distance measurements (Table 3) .
Coloured markers were recovered between 0.06 and 12.08 km from bait stations, with an average of 1.99 km (Table 3) . Sixty-seven per cent of all coloured markers were within 2 km of the bait station and 94 % were within 5 km. Coloured markers recovered from dog scats were between 0.16 and 3.8 km from the bait station, with 74 % being within 2 km, while those recovered from fox scats were between 0.06 and 12.08 km from the bait station, Table 3 . Distances between bait stations and where coloured marker beads and glitter were recovered from canid scats. Scats that contained more than one coloured marker indicated movement between particular bait stations. These distances ranged from 1.87 km to 5.47 km.
Predator and prey distributions
Dog and fox scats were widely distributed across the forest (Fig. 4) . There was no obvious difference in the distribution of dog and fox scats in 1996.
The distributions of scats containing 14 mammal species were mapped with a buffer of 2 km to account for the movement of predators between the site of feeding and defecation (Fig. 5) . In 1981-1982, M. rufogriseus was identified in scats that were distributed widely across the forest. In 1996, only one scat with this species was identified. The similarsized macropod, W. bicolor, was identified in scats with a wide distribution both in 1981 -1982 . The 1981 -1982 distribution of scats containing P. tridactylus was patchy and located towards the eastern edge and north-western corner of the forest, whereas the distribution in 1996 was widespread, with a noticeable concentration through the centre of the forest. Similarly, the 1981-1982 distribution of scats with A. swainsonii was confined to the eastern and western parts of the forest, but in 1996 was distributed across the forest. Scats with Rattus fuscipes were thinly distributed through the forest in 1981-1982. In 1996 R. fuscipes was identified in scats in a slightly expanded range with a noticeable concentration in the centre of the forest. Scats containing Pseudocheirus peregrinus maintained a similar distribution between the two time periods, but in 1996 there was an increase in the density of distribution near the centre of the forest. The distribution of O. cuniculus in scats showed a marked contraction to the periphery of the forest and a decrease in density of records between the two surveys.
DISCUSSION
The mammal composition of the forest, as determined by predator scat analysis, changed markedly between the two surveys which were 15 years apart. Such was the scale of the shift that it would suggest that these were two quite different forests if only the species lists were compared. This highlights the need to sample a forest through time to reveal the forest's full ecological picture. It can be predicted that following the next logging cycle, the mammal fauna composition will change again.
In 1981-1982 the forest was characterised by recently logged coupes, and a large area of the forest had been burnt. The logging activity, which occurred at the same time as the scat collection, probably increased the likelihood of predation. This is because the extensive network of forest tracks through active logging compartments and the associated snig tracks in each logged coupe is likely to have facilitated the predatory potential of the dogs and foxes (May and Norton 1996).
There was an increase in the occurrence of small and medium-sized mammals in the canid diet in 1996. Particularly noticeable was the increase in P. tridactylus together with the dramatic decrease of M. rufogriseus. The regrowth, particularly of the understorey, following logging and fire had potentially increased available habitat for many species, including P. tridactylus. The high occurrence of P. tridactylus in the diet is taken as a reflection of an increase in the population size of this species in the forest. It is also possible that the numbers taken in 1981-1982 reflected an increased exposure due to logging and fire at this time (Newsome et al. 1983) .
Macropus rufogriseus seeks shelter in forested habitats, although it requires an open understorey for grazing (Calaby 1995) . It would appear that the change in forest habitats following the recovery from logging and fire decreased the value of the local habitat for this species. This is consistent with Catling et al. (2001) who found a decline in large wallabies in Nadgee Nature Reserve following fire, which reflected a decline in the availability of structurally simple habitats over the long term. However, in this study the use of the adjacent land between the two time periods remained as open, grazed farmland. Since some of the dog and fox scats were collected from near the forest/farm interface, it indicates that the dogs and foxes were also on the adjacent farms. Thus, the M. rufogriseus population appears to have also declined on the farms, and particularly the ecotone of these two habitats.
Both dogs and foxes had a high frequency of W. bicolor in their diet in [1981] [1982] . In 1996, dogs continued to take a high frequency of W. bicolor, an indication that its availability remained high, while foxes took a much lower frequency. This difference may be a result of the amount of W. bicolor available as carrion. Lunney et al. (1990) attributed the high percentage of wallaby in the diet of foxes to its availability as carrion from dog and road kills. The cessation of logging and the accompanying heavy traffic along forest roads was likely to have resulted in far fewer road kills. The increased understorey in 1996 probably also acted to conceal arboreal species from predators. The reduction of the arboreal mammal component in the 1996 canid diet could also reflect the timing of the collection of scats which occurred in winter when small possums and gliders are likely to remain torpid in the cold weather. Hence, the loss of the eastern pygmy-possum Cercartetus nanus and feathertail glider Acrobates pygmaeus from the diet may not necessarily reflect a loss of these species from the forest. Indeed, A. pygmaeus was found in the diet of A. agilis in the forest in 1998 (Lunney et al. 2001) . The relative rise in abundance of P. peregrinus, and its concentration in that part of the forest regenerating from logging and fire in the early 1980s, is consistent with its nesting and foraging habits in dense undergrowth.
The results show a dietary shift to critical weight range (CWR) mammal species by both dogs and foxes between 1981-1982 and 1996 . This was particularly noticeable for foxes, with the shift increasing from 39 % to 94 % of prey items consumed. The shift may be due to a higher availability of some species in 1996, such as P. tridactylus and A. swainsonii, as well as an increased distribution of these species across the forest. Prey availability was not examined in 1996, although a detailed study of small mammals (A. agilis, A. swainsonii and R. fuscipes) in 1998 (Lunney, Matthews and Eby, unpubl. data, repeating Lunney et al. 1987) found that their numbers were higher than in 1981-1982, with a further difference being that there were no house mice present in 1998 while in June 1982 there was a minor plague in the burnt sites. This result is similar to findings by Catling et al. (2001) in Nadgee Nature Reserve following wildfire, where they noted an increase in CWR native mammals and an 8-10-fold decline in rabbits as well as a massive decline in house mice. This suggests that there is a logging/fire and predator interaction that needs to become a feature of both canid control and forest management. Catling and Burt (1995) recognised this in their paper on foxes in disturbed forests.
Other studies have found that dogs and foxes take different sized mammalian prey (e.g., Triggs et al. 1984; Brunner and Wallis 1986; Brown and Triggs 1990) . This general finding did not apply to Mumbulla State Forest in 1981-2 but it did apply in 1996. This is taken to signify the return of the differences in the diet of these two canids following the gradual recovery of the forest after logging and fire. This would further indicate that the forest was greatly disrupted during the logging operations and not that Mumbulla State Forest was unusual. The relevance of this suggestion may be illustrated by pointing to the ease with which these predators can hunt in a disrupted forest, when native fauna are exposed to increased vulnerability. Thus the postlogging fox control, as specified in the Integrated Forestry Operations Approval for the Eden Region (New South Wales Government 1999), will be worthwhile, but would be more effective if it were also conducted before and during, as well as after, logging.
Although the dog/fox differences in prey selection are significant, both of these canids are nonetheless taking most of the prey items identified, albeit in different proportions. There is no indication that the demise of the fox, such as under the provisions of the New South Wales Threat Abatement Plan for predation by the Red Fox (NSW National Parks and Wildlife Service 2001), or its Commonwealth counterpart (Environment Australia 1999), would release the native forest fauna from canid predation. To gain the successes achieved in Western Australia and South Australia after intensive baiting for foxes, the results of the 1996 study suggest that both canids would need to be targeted.
Introduced mammal species as food for both dogs and foxes was a feature of the 1981-1982 scat analyses when farmland animals (rabbit at 17.5 % and cow at 9.2 %) plus mice at 3.5 % made up 30.2 % of the diet (Lunney et al. 1990 ). In 1996 this figure was 1.6 %, a dramatic decrease that can be attributed in part to the post-fire recovery of the forest which no longer provided habitat for mice, as was found by in 1982, and the fact that there was no pile of cow carcasses on a log dump near the farm/forest border, as was the case in [1981] [1982] . The decline in frequency of rabbit in the diet is consistent with results from Nadgee Nature Reserve (P. Catling, pers. comm. 2000) where habitat change has been the greatest influence along with relative rabbit abundance on the adjacent farmland (as assessed by the Bega Rural Lands Protection Board) (Table 4) . Catling and Burt (1995) concluded that the fox is not excluded by dingoes, and there was little evidence of spatial avoidance of dingoes by foxes. This holds for Mumbulla State Forest, although whether the dogs in Mumbulla State Forest were comparable to dingoes was not examined in the field in this study. If the earlier observations of Barker (1986, 1987) remain true, then there was a wide mix of dog breeds, and a range of pack sizes. However, Glen Dixon (RLPB 1 July 1998, pers. comm.) said that: "near Wapengo [on east side of Mumbulla State Forest], from spring to spring in the period 1995-1997, local residents shot six dogs. The dogs were red/orange, dingo like".
The cumulative curve of species detected was similar to that in Lunney et al. (1990) and Barker et al. (1994) . The use of predator scat analysis as a tool for monitoring long-term changes in mammal fauna is a valuable technique because of this consistency. The cumulative curve rose sharply, with three-quarters of the species being detected in the first 200 scats analysed. Not only is it cost-effective, it is also one of the most productive methods of surveying mammals in a forest. However, it should be recognised that the abundance of prey may vary from its relative availability (Newsome et al. 1983; Catling et al. 2001) . Other measures of abundance, such as through the use of soil plots along transects (e.g., Catling and Burt 1994) are valuable. The possible long-term changes in the mammal fauna cannot be determined at the time of forest logging so it is essential to set up a monitoring program to record those changes. Other forests, including those that are not being logged, should also be monitored to determine how mammal compositions are changing and how dogs and foxes are using these areas. There would be great value in doing a comparative survey following the next logging cycle in Mumbulla State Forest. The changes in the proportions of species present was so striking that a number of questions can now be generated. For example, to what extent have P. tridactylus numbers increased following the regrowth of the understorey? Furthermore, are canids a threat to their future survival in the forest? A strong case for a population study of P. tridactylus can now be made on the basis of these results.
The uptake of baits in this study was initially slow. This was contrary to other findings where the majority of baits was taken in the first few days (e.g., Thompson and Fleming 1994; Banks et al. 1998; Marks and Bloomfield 1999) . The uptake of baits by canids in other south-east forests should be investigated as a component of implementing baiting control programs since the results of this study suggest that it would be more economical to use freefeed for at least 10 days prior to laying poison or monitoring for uptake. The use of marked nonpoisoned baits in this study has shown another application for this technique. Beads and glitter in non-poisoned bait has given us an insight into the vexed question of how far predators move between feeding and defecating. Home range studies cannot provide an answer to this question. Predator scats are likely to be on average within 2 km of where the prey was taken or consumed as carrion. The collection of predator scats is therefore a more cost-effective technique for surveying threatened species, since the accuracy of the site of the prey can now be better determined.
